A sensitive method for the detection and quantification of ginkgo flavonols from plasma.
Extracts from Ginkgo biloba leaves (family Ginkgoaceae) have antioxidant and free radical scavenging effects, largely attributed to the flavonols, which are a major class of functional components in ginkgo extracts. In order to facilitate analysis of systemic exposure to ginkgo-derived products in animals and/or humans, we developed a liquid chromatography/tandem mass spectrometry (LC/MS/MS)-based method that is capable of routinely monitoring plasma levels of ginkgo flavonols. We used an initial acidic hydrolysis step to convert the plasma ginkgo flavonol conjugates into their aglycone forms [quercetin (QCT), kaempferol (KMF) and isorhamnetin (ISR)] prior to EtOAc-based extraction and subsequent LC/MS/MS-based analysis. Comparative studies showed that the use of a mobile phase containing an extremely low concentration of HCOOH (0.01 per thousand) dramatically improved the electrospray ionization efficiency of the analytes in the negative ion mode; the efficiencies were approximately 4-, approximately 8- and approximately 20-fold higher for QCT, KMF and ISR, respectively, versus the results obtained using an electrolyte-free mobile phase, or approximately 2-, approximately 3- and approximately 4-fold higher, respectively, versus the results obtained using a mobile phase containing the more commonly utilized concentration of HCOOH (1 per thousand). In addition, use of the low concentration of HCOOH also decreased undesired matrix effects. These favorable effects have been referred to as 'LC-electrolyte effects'. Due to structural differences in the B-ring substituent, different types of precursor-to-product ion pairs (m/z 301 --> 151 for QCT, 285 --> 187 for KMF, and 315 --> 300 for ISR) were used for the selected reaction monitoring of the analytes. In addition, the chromatographic conditions were optimized on the basis of an initial scouting of matrix effects on analyte ionization. Despite the absence of an internal standard, the validation results consistently demonstrated that our bioassay is valid, reproducible, and reliable. The newly developed assay provided lower limits of quantification of 1.3, 1.3 and 0.4 pg on-column for QCT, KMF and ISR, respectively, which is more sensitive than any previously reported method for determining ginkgo flavonols. Finally, the assay suitability was demonstrated in a pilot pharmacokinetic measurement of a pharmaceutical ginkgo product in a beagle dog. This newly developed method should prove useful for wide-scale monitoring of ginkgo flavonol plasma concentrations for both pharmaceutical investigations and clinical applications.